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Abstract
The accumulation of toxic industrial waste has become for man and his environment, a topical problem. Organic 
products come in a large share of this pollution, and their elimination is the subject of much research.
It exists in the literature of many studies on plant fibers, but very few are devoted to the study of fibers of the luffa
Cvlindrica, hence the idea of directing a study in this direction. Indeed, Luffa cylindrica is an annual herb of the
family Cucurbitaceae fruit gives slightly angular cylindrical shape of variable size.
In the first step, we studied the kinetics of adsorption system (copper / fiber of Luffa cylindrica) using copper
pollution model and method of analysis as UV spectrophotometry, the estimation of specific surface area (0.082
m2/g) revealed a porous biomaterial too, although its maximum adsorption capacity (0.101 mg/g) under optimal 
conditions is low. In the second step two comparative models (Langmuir and Freundlich) were tested for the 
adsorption isotherms obtained.
We completed this work by studying the possibility of regeneration (30.2 %) and reuse this material. For that several
parameters were optimized: the nature of the desorbent, the pHi 1.5, and the content of Luffa cylindrica desorbing, 
hence the method and very promising for the treatment of water laden with heavy metals. It allows them to
concentrate and recover in a smaller volume, making the process more economical.
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1. Introduction 
The chemical industry is an important source of pollution, because it contains a number of processes
related to water use. Wastewater are found in rivers and lakes with huge qualities of copper, phosphorus, 
toxic agents and other harmful substances, and their elimination is the subject of much research. 
Conventional technologies for removing organic chemicals and minerals in industrial discharges have
reached their limits in many cases; more by-products obtained by these techniques concentrate pollution
and merely shift the problem [1-5]. Before the economic needs of new material, biodegradable and does
not produce unwanted by-products more than the starting materials, the use of plant material (Luffa 
cylindrica) for the disposal of toxic products in aqueous effluents. Indeed, the use of luffa as industrial 
plant began in Japan between 1890 and 1895, following the discovery of the ability of the fiber, which is 
obtained from the fruit wall, the manufacture of filters for motor Steam and diesel ones [6].
In this work we study the adsorption kinetics of a copper / fiber of Luffa Cyindrica to determine the 
equilibrium constant of adsorption a comparative study (Langmuir model and Freundlich). Subsequently
we studied the possibility of regeneration of this material.
2. Method and analysis 
2.1. Modeling 
Freundlich equation
In the case of dilute solutions, adsorption of the solute in many cases follows the Freundlich equation
based on the assumption that the number of existing sites associated with a given free energy decreases
exponentially with free energy. This equation is empirical [6].
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Where kF and n depend on the temperature of the adsorbent and the adsorbates, n varies from 0.8 to 2.
The linearization of equation (1) provides: 
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Langmuir model
Langmuir adsorption considered as a chemical phenomenon (surface of the solid is homogeneous
adsorbed molecules do not interact between them and they can form at most a single layer of molecules
on the surface of the solid) [6]. T is the fraction of surface covered by adsorbed molecules and (1-T) the
uncovered portion. The net amount accumulated during the adsorption-desorption written:
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Combining the previous equations gives:
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Linearization of equation (5) gives:
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2.2. Sample Analysis 
During all the experiments and specific time (3 hours), we introduce 1g Luffa cylindrica (cut into pieces, 
crushed) in a solution of CuSO4 different initial concentration at T = 23 °C, 10 ml of sample is taken
analyzed spectrophotometer (S6).
2.3. Estimation of specific surface
Estimating the surface area is through the technique of adsorption of methylene blue (MB). The 
concentrations used for the realization of the isotherm should not exceed ȝ0>@
2.4. Biosorption of copper
Study of the adsorption isotherm of copper on material (different initial concentrations) before and after
desorption, in order to estimate the variation of maximum capacity during a cycle of adsorption -
desorption at pH 5.
2.5. Desorption of copper
Study of the possibility of recycling of biosorbent desorption chemical after use. The optimized 
parameters are [7]:
Nature of desorbent
It should be noted that the acids are the most commonly used for desorption. Among the acids, we tested
category of strong acids: H2SO4, HNO3 and HCl (pHi 1, T = 23 °C).
Initial pH of the desorbing
The pH plays an important role in the desorption influences the speed and rate of desorption. Study was
performed only for selected optimum desorbents (pHi1, pHi1.5, pHi2 and pHi3). In some cons, it also has
an influence on the structure of the material.
Content material to be desorbed (pHi 1.5)
Conducted only for optimal pHi chosen during the previous step. It should be noted that during
desorption, followed by a pH was performed for all levels tested biosorbent (0.5 to 22 g/l).
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2.6. Study of the adsorption isotherm after a cycle of adsorption – desorption
Directed desorption at pH = 1.5 maintained pHm for content biosorbent following 22 g / l [8].
3. Results and discussion
Determination of specific surface
The calculation of specific surface by the method of methylene blue (BM) revealed that the material has a 
surface area of 0.0827 m2/g as shown in Figure 1a and 1b. Calculate the surface of our biosorbent is 
considerably below that of the commonly used adsorbents.
Fig. 1a. Adsorption isotherm of MB on Luffa Cylindrica Fig.1.b. Linear transform of the Langmuir 
biosorption BM on Luffa cylindrica
3.1. Biosorption of copper 
Figure 2a shows the variation of the adsorbed metal quantity (q) versus the equilibrium concentration
(Ce) for different initial concentrations at pH 5 and at T = 23 °C. The Langmuir model is more
representative to describe the biosorption of Cu (II) on Luffa cylindrica (R ² = 0.9899) (Fig. 2b), while the
Freundlich is 0.9385 (Fig. 3). This explains the fact that the specific surface is smaller
Fig 2a. Adsorption isotherm of Cu2+ on Luffa cylindrical      Fig. 2b. Linear transform of the Langmuir biosorption
of Cu2+ on Luffa cylindrica
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Fig. 3. Freundlich linear transform for the biosorption of Cu2+ on Luffa cylindrica
3.2. Desorption of copper 
The nature of the desorbent is presented in Figures 4, desorption of Cu2+ appears to be instantaneous. We 
note that HCl concentration reaches a higher desorption (0.63 mg/l) compared to HNO3 (0.23 mg/l) and
H2SO4 (0.30 mg/l). This is why we can say that the desorbent HCl is optimal.
Fig. 4. Influence of the desorbent nature
Initial pH of the desorbent, Figure 5 shows that the phi1 (HCI) provides a better desorption (063mg / l)
compared to other pHi. At low pH the major linkage groups (such as carboxyl) resumed their protons
(adopting the form-COOH), electrostatic bonding: anionic sites Cu2+ is broken thereby releasing the metal 
cations in the medium (which explains the increase pH during the desorption (Fig. 5). By comparing the 
appearance of the materials to pHi1, pHi1,5 and pHi3 we noticed that the structure of the latter
deteriorates with decreasing pH. To minimize losses, we excluded the phi1. A phi1, 5 is chosen as the
optimum, it is a compromise between the quality of desorption (obtained with pHi1) and the quality of the 
material (obtained with pHi3).
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Fig. 5. Optimization of desorbing pH Fig. 6. Evaluation of pH during the desorption at different 
pHi
Content of charged material, experiments were carried out taking into account previously determined
(HC1, pHi 1.5). For the last two levels of material 18 g/l and 22 g/l, the concentration of copper desorbed
rapidly increases and then decreases from giving 60min regeneration rate of 28.32% (1.6 g/l) and 30.2% 
(1.73 g/l) respectively (Figure 7).
In examining the evolution of pH, we note that it increases for the dissociation of carboxyl groups (from 
pHi 1.5 60 min) (in the form of COO-), so we have a readsorption of desorbed from copper 60 min. 
Taking into account these economic and environmental imperative, we opted for the largest possible
content of material that does not create problems of agitation (18 g/l and 22 g/l).
Fig. 7.  Optimization of the content material to be desorbed at pHi = 1.5 
4.3. Study of the adsorption isotherm after a cycle of adsorption – desorption
The results are shown in Figures 8, 9 and 10, the isotherm is always of type (I) expressing a monolayer
adsorption sites until saturation (Fig. 8).
The Langmuir model is still more representative in describing the biosorption of Cu2+ on Luffa cylindrica
regenerated, the correlation coefficient R² is 0.9075 (Fig. 9) while that of Freundlich model is 0.7872
(Fig. 10) . The regenerated material has a maximum adsorption capacity smaller than that recorded by the
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native material. A cycle of adsorption-desorption of the material lost 30% of its adsorption capacity.
These results confirm once again the futility of treating the material.
Fig. 8. Adsorption isotherm of Cu2+ on Luffa cylindrica       Fig. 9. Linear transform of the Langmuir biosorption
after regeneration        of Cu2+ on Luffa cylindrica regenerated
Fig. 10. Freundlich linear transform for the biosorption of Cu2+ on Luffa cylindrica regenerated.
4. Conclusion 
The aim of our study is to develop a material that is Luffa Cvlindrica and evaluate its performance
removal of heavy metals (Cu2+) in industrial wastewater by adsorption.
Estimating the surface area proved too porous biomaterial, although its maximum adsorption capacity
under optimal conditions is low. We subsequently studied the possibility of regeneration of Luffa
cylindrica and reuse. Desorption is possible under the following conditions:
- Hydrochloric acid (HCl) is the optimum desorbent;
- The optimum pHi is 1.5 
The optimization of the content material to desorb took into account the economic and environmental
imperative. The rate of regeneration remains unsatisfactory (30.2 % for the content of 22 g/l). However, 
they can be improved in c desorption chemical method with a copper recovery.
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The regenerated material for a grade of 22 g/l, has a maximum adsorption capacity smaller but still
significant 0.03 mg/g, an adsorption desorption cycle is the biomaterial waste 30% of its adsorption 
capacity.
The method adsorption - desorption and very promising for the treatment of water laden with heavy
metals. It allows them to concentrate and recover in a smaller volume. What makes the process more
economical. 
Finally, the prospects we believe that further study be undertaken on the effect of Luffa cylindrica for
industrial wastewater treatment.
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